10
In an image, there are different objects; each of which has its own area representing their nature. 11
We may focus on a specific part of the image, based on what is required from an image. As an example, a 12 computed tomography image contains different organs. When a specific organ, located in a specific 13 region in the image, is needed to analyze, the related region must be extracted. Thus, segmenting an 14 image into the sub-set of regions, it is possible to better analyze such regions in details [1] . 15
16
A region is defined as a group of pixels having similar border and a specific shape like circle. The 17 term image segmentation is referred to as the partitioning of an image into a set of regions covering it. 18
When the regions of interest do not cover the whole image, the segmentation is used to decompose the 19 image into foreground regions of interest and background regions to be ignored. In our problem, the 20 segmentation of an image frame results in different propagation regions and noise areas. The former, will 21 be enhanced and later is suppressed using morphological signal processing discussed in the Appendix 2. 22
Usually, segmentation has two objectives. One of which is to decompose the image into parts for 1 further analysis, while the other aim is to perform a change of representation by increasing the efficiency 2 of underlying regions. Such regions must be uniform and homogeneous whose interiors do not have many 3 small holes and boundaries are smooth. Here we focus on gray scale images where the pixels contain the 4 intensity values. Graph-cut segmentation, is one of the categories of normalized cuts in which the segmentation is 4 based on the discontinuities in the image. This method, aimed at optimal splitting by reducing the 5 number of regions. It is based on the graph theory in which each pixel is a vertex and edges link nearby 6 pixels (4-connectivity) [2] . Proper image segmentation, implies defining right partition cost function and 7 incorporating an efficient optimization algorithm. The former issue is discussed first and the energy cost 8 function is introduced. The solution of this optimization is then provided by using the graph theory. 9
10
The energy (cost) function
12
For segmenting the input gray-scale image I (that has the pixel set  ) into maximum G regions, 
Where K is the Radial basis Function (RBF) defined as The cost function mentioned in equation (4) is minimized with an iterative two-step optimization 21 strategy. The procedure is similar to other partitioning clustering (such as K-means). First, the labels are 22 fixed and the intensity of segments' representatives   1 ,, G uu is estimated using the gradient descent 1 algorithm [6] . Second, the optimal labeling is determined by using the graph-cut algorithm. The algorithm 2 iterates these two steps until convergence. (Figure A1-2) . This cut is also minimal, in a sense that that none of its 8 subsets separates the terminals into the same two sub graphs. 9
The cost of the cut  is defined as the sum of its edges weights (or capacity). The problem is to find 
